The reliable computation time (RCT, marked as Tc) when applying a double precision computation of a variable parameters logistic map (VPLM) is studied. First, using the method proposed, the reliable solutions for the logistic map are obtained. Second, for a time-dependent non-stationary parameters VPLM, 10000 samples of reliable experiments are constructed, and the mean Tc is then computed. The results indicate that for each different initial value, the Tcs of the VPLM are generally different.
introduction
The logistic map was originally introduced to study biological growth in ecology, and, currently, it has become a classical chaotic system in the study of chaotic dynamics and nonlinear prediction (May 1976) . In recent years, along with the development of non-stationary theory, the variable parameters logistic map (VPLM) was introduced and used to study the effects of non-stationary forcings and their predictability (Wang 2010) . Studies indicate that many climate systems have non-stationary phenomena; therefore, the investigation of this simple driven forcing model is valuable for helping to understand the rules of the real climate system. − . When this model is applied to investigations, the influence of rounding errors is often ignored. Oteo(2007) studied the influence of a double-precision floating-point computation for a fixed parameter (a=4) logistic map. He found that when i is above 50, the result of double precision deviates from the correct result. Oteo's work suggests that we can use a quantitative experiment to study the effects of rounding errors for a discrete dynamical system. In addition, this experiment can be used to analyze the reliable computation time of the logistic map in a double precision computation environment.
Previous studies mainly focus on the fixed parameters logistic map system (i.e., a is constant). However, in practical applications, we will consider a logistic map that controls parameters that are time-varying when considering the external driving force (Wang et al. 2010 (Wang et al. ,2011 . 
This type of VPLM system will also be affected by rounding errors when simulated in a double precision environment; however, generally the changing rule of this map is more complicated than that of the fixed parameters map. If we do not achieve the reliable numerical solution and know its effective computing time, we may misunderstand the conclusions deduced from the VPLM output. In this study, we apply the reliable computation method to obtain its reliable solutions, and then we obtain its mean effective computation time using 10000 samples for a double-precision float-point computation.
method
To address the lack of float-point computation accuracy, researchers have developed a software library named 'MP' (multiple precision) (Brent 1978; Oyanarte 1990 ). Wang et al. (Wang et al. 2006; Wang et al. 2012) Different from the fixed parameters logistic map, the difficulty in calculating T c in the VPLM system is that the Lyapunov exponents of this system vary with time; 
result
We use the initial value 0 0.1 x = to compute the logistic map
First, we apply a double precision computation to obtain a series of x (i= 1, 2,..., 2000) and then, using the MP program, compute the corresponding reliable solution as the reference solution. In this experiment, the computation precision is set as 4096, which is sufficient to theoretically obtain the first 2000 reliable data (in Table 1 , we only listed the first 100 values. All of our programs are written in C language and run on a Linux system. The DP solution was computed by C language internal functions, and the MP solution was computed by the MP library).
As shown in table 1, when i = 51,52,53, the solution of the DP computation is significantly different than the MP solution. This fact indicates that after that moment, the double precision solution is no longer reliable, and, thus, Tc can be regarded as 53.
This value matches the theoretical result well. In Figure 1b , we plotted an instance of 7 the first 100 steps for DP and MP. The blue curve represents the DP computation, and the red curve represents the MP computation. The absolute error between DP and MP is shown in figure 1a , and it continues to increase from 10 -15 to 10 -1 and then oscillates at approximately 10 -1 .
When a is a constant smaller than 4.0, the Lyapunov exponent of the logistic map is generally smaller than 0.693. However, as long as the system is in the chaotic region, the maximum Lyapunov exponent is generally a positive constant. Thus, we can address these cases with a similar procedure as for a=4.
The methods referenced in section 2 are applied to obtain the reliable computing The PDF distribution of Tc for 10000 samples is shown in figure 3 , in which most of the Tc values are located in . The maximum Tc is 303, the minimum Tc is 168 and the statistical mean of Tc is 231.66 (the author used 10 5 samples to compute 8 the mean Tc, and the result is 231.10, which is almost same as that of the 10 4 samples.
Therefore, we can conclude that 10000 samples are sufficient). The mean Tc (231.66) indicates that when the computation time is beyond 231.66, the double precision solution is no longer credible. In other words, the 231 (at most 303) continuous steps in the solution series follow the VPLM rules, and once the data is beyond, these steps tend to become unrelated (although we know they are not accurate, we still cannot determine the error at each step, and the only way to estimate the error is using a numerical experiment). Therefore, using these 2000 double precision solutions as time series to study nonlinear prediction problems will cause the data quality to be questionable.
In summary, for any initial value of the VPLM map, we can obtain two series of data by the DP and MP method. One series is a not very accurate double precision solution (accurate data is obtained only when using continuous 231 steps, and data is generally accurate beyond 303 steps as shown in figure 3) , and another is a reliable series for all 2000 steps. We hope researchers apply this reliable series of the VPLM to further research and make the results more reliable and convincing.
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